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Abstract To illustrate the adaptability and quality characteristics of ‘Merlot’ grape berries in high altitude production areas, 
the metabolites contents and metabolomics of ‘Merlot’ grape berries were analyzed in relation to meteorological factors at low 
at low/high-altitude of 
ids, total acid content, 


(41 m) and high (2 343 m) altitude wine-producing areas. In this investigation, meteorological factors 
wine-producing areas were monitored by GPRS-based system. The pH and contents of soluble sol 


reducing sugars, anthocyanin, total phenol, tannin, flavonoid, flavone and proteins of ‘Merlot’ grape berries were determined. 


Furthermore, GC/TOF-MS technique was used to analyze the difference in metabolome of ‘Merlot’ 
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different altitudes. The results showed that average daily sunshine duration, total radiation during grapes growth period, 
average daily radiation, average daily temperature difference, average daily temperature and effective cumulative temperature 
during growth period were higher in high-altitude than those in low-altitude regions. The contents of soluble solid, tannin and 
reducing sugars of 'Merlot' grape berries increased, while the contents of total phenols and anthocyanin decreased in 
high-altitude wine-producing area, compared with those in low-altitude wine-producing area. Metabolic pathway analysis 
indicated that ‘Merlot’ grape berries in high-altitude wine-producing area accumulated more amino acids, organic acids, 
alcohols, polyphenols and sugars than those in low-altitude wine-producing area. Metabolic pathway enrichment analysis showed 
that 8 amino acid metabolome pathways, 4 carbohydrate metabolome pathways, 3 lipid metabolome pathways and 3 nitrogen 
metabolome pathways of *Merlot' grape berries were regulated in high-altitude region. DCCA (Detrended Canonical Correspondence 
Analysis) indicated that average daily sunshine duration, total radiation, average daily radiation, average daily temperature 
difference, average daily temperature and effective cumulative temperature during growth period were the driving factors of 
‘Merlot’ berries quality and metabolites. In conclusion, climatic factors were the main driving factors inducing metabolite 
differences between ‘Merlot’ grapes berries growing in low- and high-altitude regions. Thus, to adjust metabolites profiles and 
metabolic pathways was a kind of strategies of ‘Merlot’ grapes for adapting to high altitude ecological environments. 

Keywords ‘Merlot’ grape berry; Altitude gradient; Metabolite; Metabolome; Climatic factor; Metabolic pathway; Pathway 
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Table 1 Informations of wineyards in wine-producing areas at 
different altitudes 
work Lad o Se 
Wine-producing area Soil type alarde Latitude and 
(m) longitude 
LREERTHRA HEAR 45g LUN 
Liujiagou Village, Penglai Yellow sandy — 41 120°53.00'E 
City, Shandong Province soil 
mE IBEOHIEBUNO Rew aub 
Jiulongding Village Deqing Brown sandy 2343 08552'E. 


County, Yunnan Province soil 
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Table 2 Climate parameters of ‘Merlot’ wine-producing areas 
at different altitudes 


ASEI HIR Altitude (m) 
Climatic factor 41 2343 
zB 
. HE . . 20.5 21.3 
Average daily temperature difference (C) 
Assim Average daily temperature (C) 20.3 20 
SRA 
Effective accumulated temperature during 1 425.7 1691.9 
growing period (°C) 
Assi Average daily humidity (%) 70.9 55.7 
zz qs 
FERMERE 144 369 
Rainfall during growing period (mm) 
=A PRAY ZR Annual sunshine duration (h) 2 193.5 2 688.0 
5) El BG Bs 
1 ERR 10.5 15.2 


Average daily sunshine duration (h) 


4554 Radiation (W-m ?) 14 497 15 751 


AH544} Average daily radiation (W-m ?) 125.6 157.1 
H 29587 at : T M" 
Average daily UV radiation (W-m ^) 
SROVMBS UV radiation (W-m”) 256.5 674.2 
SASAE O, content of air (96) 20.94 20.20 


2.20. PTERA SER RR) BFE REY an DR FB REGE 
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Table 3 ‘Merlot’ berries compositions in wine-producing 
areas at different altitudes 
As R Altitude (m) 
Composition 41 2343 

A Phenol (mg.g )) 4.54 831 . 0.000" 
4E8X Anthocyanins (mgg) 1.37 0.96 0.001" 
“> Tanins (mg:g )) 7.81 3.73 0.003" 
SAEI] Soluble solid content (%) 17.50 25.18 — 0.005" 

AA] Flavonaid (mg.g )) 9.53 7.62 0.058 

WAH Reducing sugar (g.L !) 276.85 319.01 0.150 

SAR Protein (mgg )) 1.01 1.40 0.451 

ABE Total acid (g.L ') 8.64 7.68 0.471 

pH 4.03 4.30 0.505 

Æi Flavone (mg-g') 2.64 1.87 0.526 


** RPE 0.01 KP FE EHB X o ** means significant correlation 
at 0.01 level. 
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Fig. 1 PLS-DA analysis of quality indexes (A) and metabolite profiles of ‘Merlot’ berries in wine-producing areas at different 
altitudes 
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Fig.2 Amino acid metabolome pathways for ‘Merlot’ grape berries in wine-producing areas at different altitudes 
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Fig. 3. Organic acid metabolome pathways for ‘Merlot’ grape berries in wine-producing areas at different altitudes 
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Fig.4 Alcohols and phenols metabolome pathways for ‘Merlot’ grape berries in wine-producing areas at different altitudes 
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Fig. 6 Metabolome pathway enrichment for ‘Merlot’ grape berries in wine-producing areas at different altitudes 
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